Abstract: These days, one of the global challenges is the growing demand for food. To be more specific, seafood bases play a key role in filling the nutritional requirements of human beings. In Africa (Ethiopia) the public expenses to improve productive capacity in aquatic food are increasing. Additionally, the expenses in dams and in fishers' capacity building have increased households' engagement in the fishery sector in Ethiopia. Cooperatives' productive capacity has been strengthened by the government and other non-government organizations with the supply of fishing boats, refrigerators, fish nets and other office supplies. However, the effect of such public expenses in bringing changes in the households' livelihood and welfare has never been assessed in this study area. This paper aims to investigate what motivates the households to fish and assess the effect of fisheries on the households' livelihood and welfare. A structured survey consisting of 313 rural households was administered using trained enumerators in two kebeles located close to the Tekeze dam, Northern Ethiopia. The result indicates that socioeconomic characteristics, such as age (young), sex, education, and active family size were driving the households to fishing. Access to market and access to support are driving farmers to fisheries. There is a significant difference in fishing households' income which is higher than non-fishing households. The results also indicate that there are lesser income inequalities among fishery households operating in cooperatives compared to private fishery households.
Introduction
There is a major priority to maintain food security at the national and household level for most developing countries in terms of both well-being and vulnerable groups [1] . Despite ongoing efforts to provide a more stable, sustainable and predictable food supply, there is a considerable population in the developing world that still suffer from chronic under-nutrition. In the developing world, there are a large number of populations who are farmers and are considered as a main source for labor employment [1] . Smallholder farmers and family farming dominate the agricultural system, and four out of every five households are involved in farming [2] . Similarly, Sub-Saharan Africa has more agricultural applications. Additionally, in a consensus among African leaders (in Mozambique and Maputo) it was indicted that agriculture was considered as a sector to reduce poverty and they agreed to increase spending on agriculture up to 10% of the national budget. Hence, many countries in Africa continue to increase spending on agriculture but only eight countries including Ethiopia reached 10% by 2008 [3] .
The government aims to improve households' productive capacity through the expansion of extension services, supply of agricultural technology and inputs. There are ongoing supplies of technology and inputs for various agricultural sectors such as crop production, livestock, apiculture and fishery which led to increased yield in these sub-sectors.
The growing global population can be an opportunity in spending on agriculture. However, it is a challenge for technical experts, governments and researchers on how to feed this growing population [4] . Spending in agriculture is also rational due to the growing food shortage, the rural poverty situation and the increase in young labor force. These days, one of the global challenges is the raising demand for food. To be more specific, seafood bases play a key role in filling the nutritional requirements of human beings. Spending on fisheries capacity building is an area of rural development as it plays a fundamental role in creating employment opportunities, providing dietary preferences for the middle income consumer group, and meeting nutritional needs of the poor regions [5] . Fisheries are one of the important and renewable natural resource bases for many developing countries, and the livelihood of many rural communities relies on the fishery sector [6] . In the developing world, about 116 million people are benefited from the fishery sector and about 90% of them are working in the small-scale fisheries sector [7] . Accordingly, fisheries is a key sector for reducing poverty and it could be considered as a potential strategy because it helps to diversify household income directly and indirectly [8] . Projections also indicate that the aggregation of global fish supply will increase to 186 million tons (year 2030) compared to the 154 million tons (year 2011) [5] .
For developing countries, fish is becoming one of the leading export commodities in terms of providing national income [9] . Despite the leading role of the fishery sector in diversifying income source and meeting nutritional requirements, fishery communities in the developing world are generally poor [6, 8, 10] . The main reasons could be reduction in fish resource bases, due to open access fisheries or poorly managed fishing operations, and low access to alternative income [8, 11, 12] .
In addition, lack of sufficient demand, hygiene and lack of cool chains to transport products to market challenged the development of the fishery sector in Northern Ethiopia. In the survey conducted in Mekelle in 2011, nearly 6% of the respondents' consumed fish in six months, implying that the poor fish consumption trend in the region is impeding the enhancement of the fishery sector. However, in Ethiopia, evidence suggests that meat consumption goes back to 3.39 million years ago [13] , yet the current level of animal protein consumption is considerably lower than the global average. Although Ethiopia is known for its large livestock population, there is a limited contribution of livestock to household diets. In Ethiopia the average annual per capita of diary consumption and meat products are 22.4 liters [14] and 4.6 kg, respectively [15] .
Ethiopia is known as the water tower of Eastern Africa, which provides about 86% of the Nile water (i.e., the sum of Blue Nile (59%), Sobat/Baro-Akobo (14%), and Tekeze (13%)) [16] for rural and semi-urban households, mainly the unemployed. These rivers and other water resources of the country are considered as huge potential sources of fish and employment opportunities. The big fresh water artificial lakes are the result of construction of mega hydroelectric dams in Ethiopia (i.e., Tekeze hydroelectric). These lakes have improved the fish production potential in the country [17, 18] .
The dam has created fishing opportunities for two cooperatives and households providing an alternative income source for member households and individual's livelihoods. The cooperatives host 204 households and help generate income by selling fish to retailers, restaurants, hotels and consumers in Mekelle and other cities in the country. It has also helped households to get employed. Nevertheless, fishers raise the issues of demand problems and other constraints affecting their engagement in the sector. There has been huge public spending and endeavor in building the dam and enhancing the capacity of cooperatives with boats, fish nets and training. However, the contribution of fisheries to household livelihoods has not been adequately assessed. The constraints fishers face in supplying fish to market, and the linkages of fishery cooperatives to the market are not sufficiently addressed. This paper aims to identify the determinants that drive households to fisheries and assess the impact of fishing on household livelihood and welfare which is measured in terms of household income. The paper employs a value chain framework to rural livelihood diversification and poverty reduction as it is an emerging dimension to rural development [19] .
Value Chain Approach for Livelihood Diversification and Poverty Reduction
Rural households are under income pressure as their source is mainly from crop production. Diversifying their livelihood, by combining crop production with off-farm and non-farm activities, is an important strategy for the rural livelihoods in developing countries [20] . Livelihood diversification is a survival strategy among the rural households; i.e., more diversified livelihood implies less vulnerability and more secured households [21, 22] . Upgrading value chains diversifies livelihood strategies by creating opportunities for added products, processes, functions, and channels. Analyzing value chains helps to evaluate actors, processes, roles, the way actors share benefit, and the relationships and linkages among actors [23] .
The value chain analysis is an approach to enhance value added activities that would enable smallholders to diversify income sources and reduce poverty [19] . Value chain analysis is one of the basic dimensions in identifying activities, actors, relationships, constraints, and possible upgrading of production and marketing activities to add values and create opportunities for new actors (the poor) or new values/economic benefits for producers (smallholders) and actors in the value chain [19, 24] .
There are different value chain analysis approaches investigating the linkages and relationship between different actors and economic agents (individuals, companies, government) in the value chains. For example, value chain finance approach can make an important contribution, though for a limited range of crops and farmers, and it is largely focused on credit. There are additional (though important) instances beyond what general financial services can offer. These services include new delivery channels, products, or business models, which may be needed to address the specific risks and cash flows of agriculture. As an example for this approach, Borbora (2014) [25] aimed to find out the critical points in value chain practice existing in rural farm and nonfarm sectors in North Eastern Region of India. He tried to find out a possible solution so that these value chains can be linked to financial service providers for the betterment of the rural mass.
To represent another example, small-scale fisheries feed into diverse and spatially extensive networks of supply and trade that connect production with consumers, adding significant value and generating important levels of employment (the value chain). As an example for assessing small-scale fisheries, Rosales et al. (2017) [26] examined eight value chain studies, carried out for specific fish species in different locations around the Philippines. They also discussed policy and management lessons learned and interventions resulting from the value chain analysis for small-scale fisheries management.
A value chain perspective of the small-scale fisheries sector can reveal response strategies that enhance the sustainability and competitiveness of the entire value chain and the economic agents that comprise it. Value chain analysis helps to effectively isolate the binding constraints that affect the sector in a systematic manner [27] . The set of issues that emerge from such a detailed analysis at a sector level has implications for both the public and private sectors alike. Some of the issues are sector-specific, and others are relevant across an economy and apply to many sectors and firms in a country. It also provides an opportunity to find policy and management positions that can be supported by the sector's different economic agents and important stakeholders [27] .
Value chain analysis involves analyzing processes (activities), identifying actors and their roles in the added value and identifying the position of the smallholder (the poor). Moreover, it analyzes the value distribution across actors, the degree of relationship/integration and governance among actors and identifies constraints of producers and other actors.
As an example for the mentioned features of value chain analysis, Andriesse (2018) [28] conducted an analysis of four important products affecting at least 3 million households in the Philippines. This study showed that the integration of livelihoods and value chain analyses has the advantage of modifying upstream challenges that are both relevant for agri/aquabusiness performance, socioeconomic, and socio-spatial policies.
To be more specific, the value chain approach enables researchers and practitioners to view activities/processes performed to add value to products and the actors involved in the chain. It also helps to identify constraints and opportunities for further upgrading the value chain to include (more) actors/smallholders in the chain [23] . It is also used to analyze the degree of relationships among the actors and the coordination mechanism within the value chain [27, 29] . The approach is also useful for identifying the missing links and activities in the chain and to suggest intervention areas to upgrade the chain so as to include actors (the poor) in the value system. Value chain approach is praised for creating rural employment opportunities where unemployment is widespread [30] .
The African economy is largely agrarian, and its population produces and consumes products with minor processing. Farmers also offer products to the market with insignificant value added, activities that, in turn, result in less value and minimal return to farmers. The absence of integrated value chains makes producers retain products at home, which, in turn, reduces farmers' motivation to improve productivity and market participation. Poorly organized value chains also hamper farmers' commitment to investment in transforming agriculture and transition to agro-processing which escalates rural unemployment in various regions of the continent [30] .
To be more specific, a large number of farmers in Ethiopia are smallholders who have no adequate market access or bargaining power, and are liable to accept prices and terms specified by the traders [31] . The participation of the private sector in agro-processing is also small, inhibiting farmers from investing in agriculture and reducing their motivation to raise their productivity. These aggravate the poverty situation in the country and push smallholders to sustain in subsistence agriculture. The recent study on fish consumption in Mekelle (the state capital) revealed that not more than 6% of the sample households had consumed fish in the preceding three months [14] . Availability, knowledge on product, and cultural reasons were raised by consumers. However, more than 70% showed interest in consuming fish which signals the presence of sufficient potential demand for fish.
There is no rigorous study that has been conducted with regard to the role of value chain approach in development programs. The value chain approach is considered relevant for this study as it focuses on the value chain and its effect on livelihood diversification and poverty reduction. The study assesses the livelihood contribution of fish to rural households' income [21] . In addition, it will assess the constraints that fishing households face; such as the problems of cooperatives in marketing fish while there is sufficient actual and potential demand for fish in the country.
The current literature largely focuses on transaction costs and market structure in relation to farmer-buyer transactions instead of understanding the value chain from input supply to consumption. Current literature dwells less on the impact of demand side requirement such as consumer preferences as the impediments to farmers' productivity and market participation. Hence, the value chain approach is a systemic approach, which assesses actors and constraints and enables us to identify opportunities for upstream and downstream chain actors.
Therefore, the value chain approach is recommended for mapping the value chain, identifying drivers for farmers to engage in fishing, examining constraints affecting cooperatives in supplying fish, assessing the impact of fishing on household livelihood and welfare, investigating constraints in the chain and providing possibilities for improving the capacity. Additionally, this approach improves the linkages of the fishers with various market actors, which may also increase market power benefiting from fishery operation. If there is an increase in income, they will invest in technology and enhance production and improve the sustainability of the operation. Hence, the approach will facilitate the transformation of traditional fishery operations and upgrade the sector to high value chains. Upgrading the sector will lead to the inclusion of more households or unemployed youth in the sector, the improvement of livelihood, and the reduction in rural poverty.
Methodology

Research Site and the Sample
The Tekeze River is formed by the river flowing through one of the deepest canyons in the world by the construction of the hydropower dam [18] . The river flows from the central highlands of Ethiopia close to the mount Qachen of Lasta [18] . The dam location is 155 kms from Mekelle, the capital of Tigray, Northern Ethiopia ( Figure 1 ). Two Tabias (the smallest administrative unit) (Seye and Felegehiwot) are direct beneficiaries of the dam and sample households were chosen for the survey. The two Tabias contained individual and cooperative fishery households. The rural household survey composed of non-fishery and fishery households was administered using trained enumerators. Trained enumerators under our supervision were assigned to administer the questionnaires. In addition, the data from the two cooperatives were collected so as to understand their capacity, members, challenges and prospects.
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The Tekeze River is formed by the river flowing through one of the deepest canyons in the world by the construction of the hydropower dam [18] . The river flows from the central highlands of Ethiopia close to the mount Qachen of Lasta [18] . The dam location is 155 kms from Mekelle, the capital of Tigray, Northern Ethiopia ( Figure 1 ). Two Tabias (the smallest administrative unit) (Seye and Felegehiwot) are direct beneficiaries of the dam and sample households were chosen for the survey. The two Tabias contained individual and cooperative fishery households. The rural household survey composed of non-fishery and fishery households was administered using trained enumerators. Trained enumerators under our supervision were assigned to administer the questionnaires. In addition, the data from the two cooperatives were collected so as to understand their capacity, members, challenges and prospects. In order to apply the propensity score to the matching model, a list of questions was developed for the fishing and non-fishing households as follows:
(a) Type of education of the household head, (b) How many household members participate in the fishery? (c) Village distance from rivers/lakes or reservoir/dam, (d) Whether they have access to an irrigation system? (e) How much money did they earn in the last month from selling fish?
In order to measure the added-value activities, actors, costs at different stages and the analyses of the value distribution, different questions were developed for hotels and cooperatives as follows: During data collection, about 1430 households in the two Tabias and 313 households were selected as the sampled respondents using following sampling formula by Yamane (1967) cited in Israel (1992) [32] :
where, n = sample size, N = population size, e = (error margin). The sample size was drawn on the 1430 population with 95% confidence level and error margin of 5% is 313. Of which, 62 members from the two cooperatives and 246 non-member households (of whom 52 were found fishing individually) were determined to be respondents for the questionnaire distributed. The list of households was obtained from the Rural Development Office (RDO) of the Tabias and random sampling was used to select the responding households. In order to apply the propensity score to the matching model, a list of questions was developed for the fishing and non-fishing households as follows:
In order to measure the added-value activities, actors, costs at different stages and the analyses of the value distribution, different questions were developed for hotels and cooperatives as follows:
(a) What is their educational background? (b) What is their function in the fish value chain? (c) How long have they been in fish collection and trading? (d) How do they rate the fish quality supplied to them? (e) What kinds of fish do their clients like the most? (f) How do they see their relationship with the fishery cooperative?
During data collection, about 1430 households in the two Tabias and 313 households were selected as the sampled respondents using following sampling formula by Yamane (1967) cited in Israel (1992) [32] :
where, n = sample size, N = population size, e = (error margin). The sample size was drawn on the 1430 population with 95% confidence level and error margin of 5% is 313. Of which, 62 members from the two cooperatives and 246 non-member households (of whom 52 were found fishing individually) were determined to be respondents for the questionnaire distributed. The list of households was obtained from the Rural Development Office (RDO) of the Tabias and random sampling was used to select the responding households.
Empirical Model for Analyzing the Contribution of Fisheries to Household Income
To assess the effect of fishery in the rural household's livelihood, livelihood differences between fishery and non-fishery households was considered and the impact analysis model was employed. These models include propensity score matching techniques and regression on observables. If regression on observables is applied, then there may be a selection bias because participation in fishing is not random. In order to correct the potential bias which might be occurred due to the non-random selection into fishing, a large set of observable covariates were included as control variables using the following equation:
where Y i is the household income (in birr (1 USA dollar = 27.96Ethiopian Birr in Oct. 2018)), and F shows the participation in fishing. To correct the potential bias, the vector X includes a large set of observable covariates: Distance to RDO, distance to market, land size, number of oxen, active family size, education, sex and age. Additionally, Ordinary Least Squares (OLS) was used for the estimation. In the regression model, the second estimation model is according to the predicted propensity scores (or a conditional probability to engage in fishing) implemented as additional control variables. The potential bias created by selection on observable characteristics will be decreased by the propensity score [33] . The mentioned model is described as follows:
with PS i = p(F = 1/X); where PS refers to Propensity Score. Third, Propensity Score Matching technique (PSM) will estimate the effect of fishing on the households. This technique involves matching on propensity scores. In the agricultural and development economics literature this method is widely applied in the impact assessment [14, [34] [35] [36] . The model is considered as the best option in solving selection bias when randomization and experimental design is difficult [37] . The households, who are similar in terms of observable characteristics were treated by PSM matches [33, 38] . When the set of potentially relevant characteristics is large; it is a difficult task to match observable characteristics directly. Matching on propensity scores is known as a valid method to solve this problem [39] .
In the sample, all fishing households (the treated observations) will be matched with one or several non-fishing households (control observation). These samples have similar propensity scores (as described in Equation (3)). The impact of fishing on household income can then be estimated as a weighted difference in income (between treated observations and matched controls) using the following equation:
where the Average Treatment Effect (ATE) is representing the average treatment effects of fishing activities, N shows the number of households participating in fishing, Y 1 represents the fishing households' outcome and Y 0 is the control group's outcome for the (non-fishing households). PSM is created based on two basic assumptions: Conditional Independence (CI) and Common Support (CS). CI represents potential outcomes, which is independent of treatment assignment considering a set of observable covariates X [39] [40] [41] :
The second assumption refers to the presence of adequate overlap in the distribution of the propensity scores (both treated and control observations) [39, 40] :
The analysis of the quantitative data and the implementation of the model is conducted using STATA 11 statistics software.
Results and Discussion
The Fish Value Chain
To analyze and map the fish value chain, cooperatives and individual fishers and respective buyers were considered (Figure 2 ). More specifically, the fish value chain is composed of suppliers of technology and input such as the government and non-government organizations, the fisheries (cooperatives and individuals), processors and distributors (hotels, restaurants, retailers) and consumers. The rural households participate in cooperative or individual fishing as fisher, processor, seller and user (consumer). Rural households gain economy benefits from fish sales and employment and feed households contributing to household food security/nutrition. The fishery subsector hence diversified sources of income for rural households in the two Tabias: They get dividends, income from sales, wage from employment and food supply for the household. 
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The number of fishing boats for Tekeze and Kisanet were 80 and 33 respectively which enabled them to extract 600 kg and 700 kg of fish daily. Tekeze cooperative supplied on average 83% of the fish stock daily to market and the rest 17% to its own members. Kisanet cooperative on the other hand supplied 95% to the market and the rest to its members. The result reveals that all cooperative members consume fish. Activities in cooperatives include fishing, processing (removing fish bones), packing, distribution and selling fish and members participate in any of these activities. Tekeze and Kisanet cooperatives distributed Birr 48,000 and Birr 25,000 every month respectively as dividend to members. The cooperatives employed 210 temporary and permanent employees.
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The cooperatives were supported with fishing boats, refrigerators, motor bicycles, and fish nets. The cooperatives are on the verges of creating employment opportunities, providing fish as food to the household and generating income to its members by selling fish to hotels and distributors. They supplied fish mainly to Mekelle which was also extended to Shire and Addis Ababa. Two basic coordination schemes were used: Transactional and relational. They directly sell fish in open markets and they also sell fish in contract (relational basis). On both cases, the selling price was Birr 30/kg. Cooperatives raise the insufficiency of relational markets (contracts) and contractors sometimes failed to buy the fish stock they made available to them. Cooperatives also raise the practice of unregulated fisheries and propose the implementation of policy to regulate fishing operations around the dam. The unregulated fishery may endanger the future of the fish stock and affect their livelihood.
There is also a general lack of qualified aquaculture marketing personnel. The inadequate personnel in the aquaculture front demands more training. New training institutions should be established and the existing institutions should be assisted with exchange programmes and logistics to undertake more work on value chain. The Ministry of Fisheries and Aquaculture Development through the Fisheries Commission have been sending some of their personnel to Iceland, UK, Korea and China for aquaculture training. Few workers of the Fisheries Commission occasionally upgrade themselves outside Ghana. There is urgent need to strengthen the capacity of personnel working on aquaculture farms.
Four actors in the fish value chain perform collecting and reselling. The added value by these four actors includes processing (removing bones and packing fish meat), storing and reselling. They acquired fish supply from cooperatives individuals and retailers (collectors). Statistically, 94% of the actors replied that they added the value including processing (removing bone; 82%), packing (47%), and cooking (82%)
The transaction relationship among the actors takes two basic forms. Eight of the actors (47%) had agreements with suppliers (persistent relationships), whereas the rest (nine; 53%) bought on the spot market on transactional bases. Actors largely supply fish to consumers; that is, 14 of the actors (82.35%) supplied to consumers. Supply fluctuation was raised by 53% of the actors and the rest did not feel it. Demand variation, price changes and lack of cool chain were also mentioned by the actors as problems facing the chain. Absence of quality assuring and standardizing institution was also mentioned as a challenge, although kilogram was used as main units of measurement.
Summary Statistics on Rural Households
Differences in socioeconomic characteristics of fishing and non-fishing households are presented in Table 1 . The table depicts that 97% of the fishing households were male-headed and 87% of the non-fishing households were male-headed, and the difference is statistically significant at the 1% level. This implies that both fishing and non-fishing households are male dominated. Male domination however is higher in the fishing households implying the male biased fishery subsector. Female members of the fishing cooperative participate in processing and selling activities rather than fishing. This may call for implementing measures to attract female headed households in the subsector. Fishing household heads were relatively younger than the non-fishing household heads implying that the sub-sector is attracting the youth, contributing to the employment opportunity and engagement of the growing part of the rural community. This may be considered as an opportunity for the increasing young labor force in the rural areas who are largely landless.
The summary statistics show that fishing household heads were relatively better educated than the non-fishing household heads. This may imply that the more that household heads learn, the higher is the probability of households to engage in fishing. The difference in educational status is statistically significant at the 1% level. Once the dam was open for fishing, the communities surrounding the dam did not show interest to operate in fishing for which better educated household heads found it easy to join the sector and engage in fishing.
In terms of family size and active family members, fishing households had large family sizes and active family members which might push them to be involved in fishing. The simple t-test has proved the presence of significant differences in family size and active family between fishing and non-fishing households which are statistically significant at the 10% and 1% level respectively.
The size of the irrigated land also varies between the fishing and non-fishing households. Non-fishing households were found irrigating larger land size in contrast to the fishing households. This may imply that non-fishing households concentrate more in crop farming than other alternative income sources like fishing. This is statistically significant at the 5% level. This implies that in areas where land is scarce and access to irrigation is minimal, fishing is considered as an alternative income source used to diversify livelihood strategies.
Fishing households live farther away than non-fishing households from Mekelle. The ones who are closer may prefer non-farm activities (daily labor) in Mekelle instead of spending their time in fishing. Nevertheless, the fishing households are closer to the district town (Yechila) where the hotels are located. In this town, all government offices are situated including the Agricultural and Rural Development Office (ARDO) which offers integrated agricultural support. Both are statistically significant at the 1% level.
This analysis clearly indicates the importance of fish to the food security and nutritional needs of most fishing families. This finding is consistent with the study of Asiedu (2012) [42] in which despite the large fish potential, a few organized fisheries are operating attributed to lack or absence of fish consumption habit. In relation to fish consumption pattern, 95% of the fishing households consume fish at household level in contrast to the 34% non-fishing households, which is statistically significant at the 1% level. This implies how fish is contributing to the households' food security and nutritional requirements. Households consume, on average, 1.6 (approximately 2) days in a week. However, as Altenburg (2007) states [43] , involving the rural poor in value chain development calls for a sound approach to address the complex trade-offs between income generation, food security, gender equity, sustainable natural resource management, and the overall livelihood resilience.
Differences in household income, agricultural and non-agricultural assets were also assessed as depicted in Table 2 . It presents that non-fishing households possess more agricultural assets than the fishing households, which may imply the dependence of non-fishing households on crop farming. Credit taken by fishing households was larger compared with the non-fishing households, which may imply that access to credit has built their fishing capacity. The income from fishing has also given courage to take credits for fishing households. Fishing households are also characterized by higher income from fishing and working in cooperatives, attributing to higher total income by fishing households. Both of them are statistically significant at the 1% level, implying the significant contribution of fisheries to rural households. a,c are levels of significance at 1%, 10% levels for t-test.
The survey result reveals that fisheries constitute 36.61% and of which 20% were cooperative fisheries and the rest (16.61%) were individual fisheries. Cooperative members contributed on average Birr 1202.42 and they obtained annual dividends which is worth, on average, Birr 4562.38. They also earned on average Birr 2822.58 annually from working in the cooperative. It is the source of food for the fishing households contributing to the household food security. All cooperative members consumed fish, on average, 13.56 (approx. 14) days in a month implying the contribution of fish to the rural households in the district.
Analysis on the differences in income and assets among non-fishing, cooperative fishery and individual fishery households is also presented in Table 3 . The results indicate that fisheries have contributed to the increased income, regardless of the operation method. However, cooperative fishing results in better income in terms of fish sales and participating in employment in the cooperative, and is significant at the 5% level in contrast to the non-fishing households.
The results of fisheries constitute clearly indicate that many inland fishers are interested in the aquaculture business, but they need to be supported with other inputs such as seed, feed, credit facilities and veterinary services. Generally, most farms are not productive because of poor husbandry practices, feeding and pond management. The technical knowledge in these areas is very poor. Training institutions, agencies and developmental partners must collaborate with the government to provide training and extension services to fish farmers to improve their knowledge in aquaculture practices. This finding is consistent with the study of Fowler and Brand (2011) [44] in which between the fishing households, no significant income difference is observed. However, while observing the standard deviation, fewer differences in income might be inferred among cooperative members which indicates lower inequality; whereas, huge income difference among individual fisheries is implying greater inequality among them. Nevertheless, the agricultural asset value for non-fishing households is higher in contrast to cooperative members, which may lead us to conclude that non-fishing households are largely involved in farming, and cooperative members are diversifying their livelihood strategies by engaging in fishing.
Empirical Model Result
Determinants to Fishing
Analyses on what drives households to fishing is also being done by employing binary logit model assuming that households' move to fishing is a discrete choice. Choosing to work in a fishery could be affected by different factors such as socioeconomic factors, access to market, access to support (FTC), asset possession (i.e., land) and oxen ownership. In rural Ethiopia, oxen ownership, access to off farm inputs and market credit are considered as the major factors for production and crop farming. The logit regression result reveals that sex, age, education, household size and active family were among the household characteristics affecting households' engagement in fishing. Male households are more driven to fishing and it is significant at the 10% level. Young household heads are more driven to fishing and it is significant at the 1% level. Educated household heads are participating more in fishing than the less educated ones and it is significant at the 1% level. Larger family size is also driving households to fishery.
Distance to FTC, where extension support is channeled and access to any support from government and non-government organizations are found, is stimulating households to fishing. This implies that government spending for extension and technology has contributed to households' engagement in fishing. Besides, distance to district market is also driving households to fishing as it facilitates access to market and other market actors.
The farm asset ownership is negatively affecting engagement in fishing. The larger land size and oxen possession imply less participation in fisheries and more dependence on crop farming. These may push households to specialize and concentrate more on crop farming. Accordingly, the logit result reveals that households with larger land size and more oxen are found less driven to fishing which is significant at the 10% and 1% level, respectively.
There are adequate number of processors available, but the technology applied to processing is relatively low in terms of the level of investment and/or basically traditional (sun drying, small size smokers and salting). These low-technologies of processing turn to be labor intensive, but provide livelihood support to the fishers (women) especially those in the rural communities in Africa; however, it is difficult to sustain such jobs. As observed by De Silva and Yamao (2006) [45] , female roles in fish processing (especially in processing factories) are associated with job insecurity, health issues and harassment. Consequently, there is the need for innovation in the processing sector in addition to women empowerment. Table 4 reveals the marginal effect and indicates that by an increase in the number of male headed households, the propensity for fishing would be increased by 20% that is significant at the 1% level. By increasing one year in the age of the household head, the propensity to fishing reduces by 1%. An increase in the year of education implies the increase in the likelihood of fishing by 4%. An increase in the size of the family raises the propensity to fishing by 6% and an increase in active family implies the rise in the probability of fishing by 10%. An increase in the distance to Yechila would reduce the probability of fishing by 1%. A unit increase in the number of oxen reduces the probability of fishing by 9%. If the amount of cash increases by 1000 Birr from cash for work, the probability of fishing would diminish by 9%. If households' access to support (government and non-government support) increases, the probability of fishing increases by 31% (Table 5) . The descriptive statistics have indicated the differences in income between fishing and non-fishing households. However, the descriptive statistics cannot explicitly indicate the attribution of fishing to such differences in income. The regression model and propensity score matching model was applied to assess the contribution of fish to household income difference. The results of the two models are presented in Table 6 . Three models were applied to measure the effect of fishing on rural households and the model results reveal consistent and statistically significant positive effects of fishing on household income. If we take the most conservative result, participating in fishing has contributed to a 55% change in the incomes of households in contrast to the non-fishing households implying the positive contribution of fish to diversify rural livelihood strategies and reduce rural poverty.
In this regard, there is the need for documentation, database, information etc., on aquaculture and fishery products that should be recorded and available online for general public purposes. However, as Rosales et al. (2017) [26] states, a value chain analysis provides a different perspective on the fishery sector than a traditional socio-economic or resource and ecological assessment. The conduct of a value chain analysis involves an examination of how the individual actors operate, what is going on between the actors in the chain, what keeps the actors together, what information is shared, what power relationships exist, and how the relationships evolve. Due to the high incidence of the poor in the fisheries sector, the value chain framework can also be used to draw conclusions on the participation of the poor and the potential impact of value chain development on poverty reduction.
Conclusions and Policy Recommendations
Generally, a value chain analysis is conducted to identify improvements in quality and product design that enable producers to gain enhanced value or through diversification in the product lines. However, a range of data and information used to manage the fishery sector, not just markets, can also be produced. The Ethiopian population is largely agrarian which employs inadequate technology and inputs, leaving the people in persistent poverty. To improve the situation, government and non-government organizations have expanded the extension services and aimed to support building the productive capacity for the rural households. Ethiopian aquaculture is recognized as an alternative approach to maintain food security in particular and to reduce poverty in general. Currently the integration of Ethiopian aquaculture is considered as the leading strategy in rural and agricultural development. The Ethiopian government is largely spending on technology and the provision of credit and assets empowering households to participate in crop farming, livestock and fishing. The Tekeze dam built in Northern Ethiopia by the government, is open for famers to fishing, in addition to its objective of generating hydroelectric power. However, rural households were originally less interested in participating in fishing for the fear of the poor fish consumption culture. Nevertheless, cooperatives were established with some volunteer households by providing fishing boats, refrigerators and fish nets by the government. Nevertheless, the demand for fishing is growing from time to time attracting more rural households to engage in fishing.
Based on the gained results, it can be concluded that socioeconomic variables such as age (young household heads), sex, family size and active family members contribute to rural households' engagement in fishing. In addition, closer distance to markets and access to rural support stimulate households to engage in fishing. Nevertheless, households with larger land and large number of oxen are less stimulated to participate in fishing as they concentrate more on farming. Those households with less land and a lower number of oxen are moved to fishing as it enables them to diversify their income sources.
It was concluded that fishing has created employment opportunities for young labor force and large family size households. The fisheries produce substantial social benefits in the form of rents, producer surplus and consumer surplus. It has contributed to diversifying household livelihoods, generating more income to engaged households. The rural households' fish consumption has grown timely, implying the food security contribution of fish in the rural areas. Furthermore, the empirical analyses suggest that fishery has also increased the households' income improving the livelihood conditions of households calling for the governments and NGOs' extended support to attract more households to engage in the sector and scale up the strategy to other dams built in different corners of the country. In addition to building the productive capacity, linking fisheries to the market would also improve the income of the households as it minimizes fish waste. Improving fisher-actor coordination would also improve the productivity and enhancement of the chain to attract more actors (rural poor) in the sector. Given these findings, designing an effective policy to regulate water use would improve the sustainability of the sector and minimize conflicts among the fisheries surrounding the dam. Water use polices will minimize competition among the individual fisheries and cooperatives which may lead to overfishing and waste of resources and this will provide a great incentive to properly manage the fisheries. It is expected that value chain studies can further provide substantial bases for future interventions that will promote sustainable fisheries, ensuring the improvement of the livelihood conditions at the same time.
